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Abstract 
The traditional all-TFA precursor solution for coated conductors has sensitivity to the heating rate in pyrolysis 
process. This sensitivity could be weakened by using a modified precursor solution, which was prepared by the 
mixture of yttrium trifluoroacetate, barium trifluoroacetate, and copper benzoate. The YBCO films were deposited on 
buffered NiW substrates (NiW/Y2O3/YSZ/CeO2) with the modified precursor solution. The texture, microstructure 
and superconducting properties of YBCO films were characterized by X-ray diffraction, scanning electron 
microscopy and four-probe method, respectively. The YBCO films prepared by modified TFA-MOD method 
demonstrated high performance. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
YBa2Cu3Oy (YBCO) films with high performance are commonly obtained using the trifluoroacetates 
metal-organic deposition (TFA-MOD) on metallic tapes. The solution-based processes have demonstrated 
several advantages [1,2]. Typically, a very slow pyrolysis process (10-20 h) for the traditional TFA-MOD 
method was widely used to control the decomposition of coatings and to achieve the crack-free films [3]. 
The large HF gas generation during the calcinations step in TFA-MOD process can be attributed to the 
large amount of fluorine contained in the precursor solution [4]. As a result of this, scale-up of TFA-
MOD process is not suitable for the fabrication of long length coated conductors. 
In order to reduce this process time, many efforts have already been made to enhance the processing by 
the modification of precursor solution. Bhuiyan et al have developed a modified MOD precursor route, 
using copper sulfate as fluorine free precursor [5]. YBCO films were deposited on the buffered substrates 
by an industrial web-coating process with a short pyrolysis time of 1-2 h in American Superconductor 
Corporation (AMSC) [6]. The Advanced TFA-MOD method developed by SRL-ISTEC provided YBCO 
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films with high critical current density [7]. Recently, Metal acetates, metal propionates and metal 
trimethylacetates with low fluorine content were employed as precursors for a fast calcination profiles 
[8,9].  
In this study, a modified precursor solution was prepared by mixing yttrium trifluoroacetate, barium 
trifluoroacetate, and copper benzoate. The amount of total fluorine in this newly synthesized precursor 
solution was significantly reduced. Accordingly, a fast calcinations profile was applied to reduce the 
processing time. We fabricated the YBCO films on buffered NiW substrate using the modified TFA-
MOD method and investigated the microstructure, texture and superconducting properties of YBCO films. 
2. Experimental 
In the modified TFA-MOD process, a stoichiometric amount (Y:Ba:Cu = 1:2:3) of yttrium 
trifluoroacetate, barium trifluoroacetate and copper benzoate were dissolved in the methanol and 
propionic acid to obtain a solution with a total metal concentration of 1.5 mol/L. The solution was coated 
onto buffered NiW substrates (NiW/Y2O3/YSZ/CeO2) with a spinning rate of 4000 rpm for 2 min. Then a 
two-step heat treatment was applied. The coatings were calcined to form oxygen-fluorides precursors by 
increasing the temperature to 420 oC at a heating rate of 3 oC/min in 3.1% humidified oxygen atmosphere. 
Subsequently, the YBCO precursor films were crystallized at 740 oC for 2 h in Ar-0.02%O2 with 4.2% 
humidity. In the last stage the crystallized films were annealed at 450 oC for 4 h in a dry oxygen 
atmosphere.  
Buffered NiW tapes (NiW/Y2O3/YSZ/CeO2) supplied by University of Electronic Science and 
Technology of China were employed as substrates for YBCO film. The buffer layers were deposited by 
dc magnetron reactive sputtering. Details of the experimental conditions have been reported elsewhere 
[10]. The phase purity and the texture of YBCO films were investigated by X-ray diffraction (XRD) using 
CuKĮ radiations (Rigaku D/MAX2000PC). The morphology of YBCO films was characterized by 
scanning electron microscopy (SEM JSM-6460). The critical temperature (Tc) was obtained by a standard 
four-probe method. The critical current density (Jc) was measured by an inductive method at 77 K.  
3. Results and Discussions 
The calcination is performed by heating the gel film from 200 oC to 420 oC with the heating rate of 3 
oC/min. About 2 hours are required to complete the calcination process. The homogeneous precursor film 
can be converted into YBCO after annealing in humid Ar/O2 atmosphere. Figure 1 gives the typical XRD 
pattern of YBCO film deposited by modified TFA-MOD approach on all buffered rolling assisted 
biaxially textured substrates (RABiTS). As shown in this figure, it can be noticed that the YBCO film is 
highly c-axis oriented with a small amount of NiWO4, BaCeO3 and NiO. The result is similar to that of 
MOD-YBCO deposited on buffered RABiTS [11]. In the standard TFA-MOD YBCO, BaCeO3 
compounds is resulted from the reaction of CeO2 with YBCO film in the YBCO formation process. The 
detection of these compounds also in our low fluorine method suggests that similar reaction paths can be 
proposed. 
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Fig. 1 Typical XRD pattern of YBCO film deposited by modified TFA-MOD approach on all buffered RABiTS. 
The relative out-of-plane and in-plan textures for YBCO films are shown in Fig. 2. It can be seen that 
the patterns of all layers consist of four peaks in Fig. 2(a). The Phi-scans obtained through the 
YBCO(103), YSZ(111) and Ni(111) reflections, yield the full-width at half maximum (FWHM) values 
(¨) of 5.13o, 4.71o and 5.82o, respectively. These in-plan epitaxial orientations correspond to YSZ and 
YBCO are rotated 45o relative to in-plane NiW substrate. The observed 45o rotations are anticipated 
according to the lattice match of layers. The FWHM value (¨) is close to that of YBCO films prepared 
by physical vapor deposition on buffered NiW tapes [10]. The Omega-scan of YBCO (005) is illustrated 
in Fig. 2(b). The FWHM of Omega-scan is 3.2o, indicating a sharp out-of-plane texture. The FWHM 
value (¨Ȧ) of YBCO film is lower than that of YBCO film prepared on buffered NiW substrate 
(NiW/CeO2/YSZ/CeO2) [10]. 
  
Fig. 2. Phi-scan of YBCO film (a) and Omega-scan of YBCO (005) film (b). 
Figure 3 show the two different magnifications SEM images of YBCO film crystallized at 740 oC 
under 100 ppm oxygen partial pressure. The YBCO film shows crack-free microstructure in low 
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magnification image. The YBCO films are dense in whole surface and the c-axis oriented YBCO grains 
have sharp edges and well-connection. There are no large secondary particles throughout the surface. The 
hole formation is reduced by this modified TFA-MOD. The final thickness of the fully converted film 
was about 0.35 ȝm.  
    
Fig. 3 Low and high-magification SEM micrographs of YBCO film, a) 2 Kx and b) 20 Kx. 
The temperature dependence of the resistance for YBCO film fired at 740 oC under 200 ppm oxygen 
partial pressure is shown in Fig. 4. The Tc value of YBCO films is 88K and the transition range is 1 K. 
This result is close to the value of the optimally TFA-MOD YBCO. Finally, the superconducting 
properties of YBCO film were measured using a standard four-probe technique. The critical current 
density (Jc) of the YBCO film is 1.1 MA/cm2 at 77 K. These results illustrate the effective modified TFA-
MOD for the development of coated conductor. 
  
Fig. 4 Temperature dependence of the resistance for YBCO film. 
4. Conclusion 
We have developed a modified TFA-MOD approach with fluorine free Cu precursor to fabricate 
YBCO film on buffered NiW substrate. The fired YBCO film showed good out-of-plane and in-plane 
textures. The Jc (77K, self field) value of 1.1 MA/cm2 for YBCO film on buffered substrate 
(NiW/Y2O3/YSZ/CeO2) was obtained by modified TFA-MOD method.
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